A new algorithm is presented for computing one dimensional unstable manifold of a map and Hénon map is taken as an example to test the performance of the algorithm. The unstable manifold is grown with new point added at each step and the distance between consecutive points is adjusted according to the local curvature. It is proved that the gradient of the manifold at the new point can be predicted by the known points on the manifold and in this way the preimage of the new point could be located immediately. During the simulation, it is found that the unstable manifold of Hénon map coincides with its direct iteration when canonical parameters are chosen which means order is obtained out of chaos. In the other several groups of parameters the two branches of the unstable manifolds are nearly symmetric, and they serve as the borderline of the Hénon map iteration sequence. We hope that this would contribute to the further exploration of Hénon map.
Introduction
Dynamical system can simply be classified into two categories: continuous dynamical system and discrete dynamical system. And discrete dynamical system often takes the form of iterated functions. Various examples in applications can be depicted by iterated functions, and Hénon map [1] is one of the most famous ones. Hénon map is chaotic for canonical parameters and it is also widely used in Image Encrypting [2] , fractal science, etc. Hénon map takes the form as 
（1）
It can also be written as 
（3）
In the next section some basic concepts about stable and unstable manifold are introduced.
Mathematical setting
Suppose :
x is a starting point, then at 0 x respectively.
See reference [3] for more information. Global stable and unstable manifold are defined as
It's clear that the global manifold is the image of the local manifold. Stable and unstable manifolds play an important role in analyzing the dynamics of a given system. They form basins of attraction between different attractors, and complexed dynamics like chaos, homoclinic and heteroclinic would occur when they intersect. Computation of stable and unstable manifolds will contribute to the further study of all these fields.
Several algorithms [4] [5] [6] [7] [8] [9] [10] [11] have come up. The algorithms in [7, 8] use the idea of growing the unstable manifold and one point is found and added at a prespecified distance away from a given point each step. They have to search along the known segment on the unstable manifold back and forth to find the preimage of the new point, and it is the choke point which reduces the efficiency of the algorithm. It is verified in this paper that the gradient of the unstable manifold can be predicted by the known points on the unstable manifold and the scheme can be used to locate the preimage of the new point quickly.
Unstable manifold of Hénon map
The following parameters were used in the paper: It is easy to see from Fig.1 that the distribution of points of unstable manifold is almost the same with that of Hénon map iteration sequence and the difference is the sequence of points in (a) is ordered while points in (c) is unordered. To show this, we connect the first 20 points in (c) and plot it in (d). It's very clear that the points are unordered. That is to say, we obtain order out of chaos.
Conclusion
A new algorithm is put forward for computing the one dimensional unstable manifold of a map. The algorithm grows the manifold with one point added each step. And the distance between consecutive points are adjusted according to the local curvature and distance constraint. The preimage of the newly added point is located quickly with a gradient prediction scheme and this is the main advantage over the algorithm proposed in reference [7] . Rather than using bisection algorithm to find the preimage of the new point, this paper uses a two-step Prediction-Correction scheme to find it.
